A termolecular condensation reaction of harmane, alkyl halide, and dimethyl oxalate has been developed for the construction of a variety of canthin-5,6-diones. The carbon skeleton of amarastelline A, a fluorescent canthin alkaloid, was synthesized in 99.8% yield by applying this procedure.
Canthin alkaloids are natural products, which consist of a variety of chemical structures and have biological activities. Among them, canthin-5,6-dione compounds shown in Figure 1 are expected to be lead compounds of therapeutic agents for diabetes (picranosidine N), leukemia (picranosidine L), and dementia (picranosidine L) [1] [2] [3] . Recently, canthin-5,6-diones has also attracted attention as a fluorescent sensor [4] . Especially, Amarastelline A (1), isolated from Quassia amara, exhibits fluorescence emission under UV light in various organic solvents and stains the cytoplasm region of living cancer Hela cells [5] . These properties could be utilized in cellular biology and to develop new fluorescent sensors. In spite of their interesting chemical and biological properties, the synthetic methodology of canthin-5,6-diones has not been sufficiently established. In 1985, Fischer and co-worker reported that canthin-5,6-diones were able to be prepared by the condensation of harmane (4) and alkyl oxalates at 155-175°C [6] [7] . Although the simple canthin-5,6-dione structure was obtained in moderate yield, the reaction yield decreased with the increase in carbon number of alkyl group of the oxalates (Scheme 1). Moreover, the preparation of complex molecules, such as amarasteline A, under the same reaction conditions met with no success in our preliminary experiment, even though various reaction temperatures and solvents were examined. In this study, we investigated the development of new procedure for the construction of canthin-5,6-diones using termolecular condensation reaction applicable toward synthesis of amarastelline A.
In Fischer's procedure, dialkyl oxalate serves as not only a source of 5,6-dioxo moiety of canthin structure but also an alkylating agent of pyridine nitrogen [5] . However, dialkyl oxalates are not suitable reagent for the alkylating step because of low reactivity and low atom economy. In addition, small oxalic ester should be used as a source of 5,6-dioxo moiety to avoid steric hindrance. Based on these considerations, we designed a termolecular condensation reaction, which uses alkyl halide as the alkylating agent and dimethyl oxalate as a source of 5,6-dione moiety (Scheme 2). In addition, we envisioned using NaOMe as a base to activate the pyridinium intermediate. For the verification of our proposed procedure, the termolecular condensation reaction was carried out with various alkyl halides. As results, the condensations smoothly proceeded to give the [1] [2] [3] [4] [5] . Unfortunately, the reaction with 2-(pyridin-2-yl)ethyl sulfonate, a model compound for amarasteline skeleton, did not provide the corresponding canthin compound, because elimination of MsOH took place in preference to the desired condensation (entry 6). Finally, our attention was focused on the synthesis of amarastelline skeleton by using the termolecular condensation (Scheme 3). Based on the results of Table 1 , tetrahydrocarboline 12 was selected as a substrate of the key step to prevent the possible side reaction such as the elimination of MsOH. At first, tryptamine was subjected to Pictet-Spengler reaction giving rise to a tetrahydrocarboline 10 according to Wang's protocol [8] . The secondary amine was protected with tosyl group to give 11 in 52% yield. After the reduction of the ethyl ester with LiAlH 4 , treatment of the generated alcohol with MsCl and Et 3 N provided 12, which was the substrate of key reaction. With 12 in hand, the termolecular condensation reaction was carried out. As the result, desired compound 14, having amarastelline skeleton, was obtained in 99.8% yield without isolation of the intermediate 13. Thus, the termolecular reaction was proved to be an efficient synthetic methodology applicable for various canthin-5,6-dione compounds, and all canthin-5,6-dione compounds synthesized in this study show strong fluorescence.
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Scheme 3: Synthesis of amarastelline skeleton 14.
In conclusion, we have developed the termolecular condensation reaction suitable for an efficient synthesis of canthin-5,6-dione compounds. This procedure is able to construct a variety of canthin-5,6-dione structure. Their structure-fluorescence relationship and the total synthesis of amarastelline A from 14 are currently underway in our laboratory. Sulfonate 12: To a solution of 11 (119 mg, 289 μmol) in THF (3.00 mL) was added LiAlH 4 (16.5 mg, 433 μmol) at 0 °C. After being stirred for 5 min, the reaction was diluted with ether and added excess Na 2 SO 4 ·10H 2 O. The mixture was filtered through Celite, and the filtrate was concentrated in vacuo. The residue was purified by column chromatography (hexane:EtOAc = 1:1) to afford an alcohol (85.7 mg, 86%). To a solution of the alcohol (214 mg, 578 μmol) in DCM (5.78 mL) were added Et 3 N (403 μL, 2.89 mmol) and MsCl (135 μL, 1.74 mmol) at 0 °C. After being stirred for 30 min, the reaction was warmed up to rt and stirred for further 30 min. The reaction was quenched with sat. NaHCO 3 and extracted with DCM. The combined organic layers were washed with sat. NaCl, dried over MgSO 4 
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General method of termolecular condensation reaction:
